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ABSTRACT 

9 multiple  linear regression equation is deyeloped  which relates  the yield of wiuter  wheat to “effective”  pre- 
cipitation  during  certain  months of a crop  year.  ,4nteeedent  precipitation and  other  weather  factors  are  in- 
vestigated to  determine  their effect on yields. 

1. INTRODUCTION 

The  relation of weather  factors  to  crop  yields is be- 
ing studied now more  t,han ever before. The economist 
is interested in  learning  more  about  these  relationships so 
that fut,ure economic  conditions  can be foretold more 
accurately. Agronomist,s are concerned with  such  studies 
so that,  among  other  things, wiser  recomnwndations for 
crop planting  can be made for  various areas. The  farmer, 
the geographer,  the  crop  insurance  worker,  and  others 
also benefit as  our knowledge of weather-crop re1 n t’ ion- 
ships increases. I n  this  paper  an  attempt is  made t)o cor- 
relate the  yield of one of the  important  dryland  crops  in 
Utah, winter  wheat,  with  certain  weather  factors. 

It is a  well-known fact  that  wheat is the  most  important 
grain crop  in  the  world. T;C’heat is  adapted to a  wide 
range of climate  and soils, but  it  is  grown  principally 
in moderately dry  temperate  clilnates  having  an  average 
annual precipitation of less than 30 inches [4]. The 
highest average  yields  are  usually  obtained  in  rtgions 
with an  annual  prec.ipitation of 25 to 30 inches [3] ; but 
in Uta.h the  principal  dryland  farming  areas receive less 
than 15 inches, on the  average LO]. 

There are  several  weather  factors  affecting  the  growt>h 
and yield of wheat.  Zink [ll], in  his  study of the  weather 
elements important, to wheat. growth  and yie,ld near  Nephi, 
Utah, found  the  highest  correlatiolls were with  evapora- 
tion, length of drought  periods,  and  rainfall. He  also 
found that  correlations  with mean temperatures were low, 
but were higher  with  maximum  and  minimum  readings. 
Zink concluded that  the best> statistical  results  are  obtained 
by using plant  growth stages. However  in  the  present 
study which  is confined to Box Elder  County,  Utah,  little 
if any phenological  data for winter  wheat were :Lvailable, 
and it was necessary to use weather  data  for specific c‘ a 1 en- 
dar periods. ,klso, t,here  were  no  evaporat,ion  records 
available for use in  this  study. 

Some of the  factors  that  other  investigators  have be- 
lieved to  be important  are:  the  amount,  distribution, 

reliability,  and effectiveness of rainfall ; length of grow- 
ing season ; the amount, of smllight  and soil moisture; 
snowfall ; snow corer ; :md the  frequency  and  duration 
of very  low or 1-ery high  temperatures [I, 111. 

The  principal  climatic  factor  limiting  the  yield of 
winter  wheat  over  western  United  States is insufficient 
precipitation. I n  the  growth of this  crop  there  appears 
to be at  least  two  critical  periods  in which  adequate soil 
moisture is essential to  the  production of maximum 
yields. One of these is the  period  during  heading, bloom- 
ing,  and  filling.  Another  critical  period is the  time of 
planting [ 81. 

Most of the  winter  wheat  in  Utah is of the  hard  red 
class and is grown  principally on  “summer fallow” 
ground.  This  crop  is  usually  planted  in  September  and 
harvested  in July. Diseases such  as  rust, scab, mildew, 
and leaf spots;  leaching of plant  food  from  the  soil; ex- 
cessive growth  and  lodging;  and difficulties in  planting, 
harvesting, and caring  for  the  crop  are  not  as much of a 
problem in  Utah  as  in  more  humid  climates [6]. 

Although  this  particular  study  is confined to Box Elder 
County,  which  ranks  first  in  the  production of small 
grains  in  Ut,ah, it is believed that  the  results would be 
applicable to  other  dryland  winter  wheat  areas of western 
Ul1ite.d States. Box Elder  County,  in  northwestern 
TJtah, comprises an area. of 5,600 square miles, with  about 
90,000 acres planted  to  dryland  winter  wheat [7]. Most 
of the  cultivated  crops  are  produced  in  the  southeastern 
portion of the count,y. The  northern  and western sec- 
tions  are used principally  for  grazing. 

2. PROCEDURE  AND  RESULTS OF STUDY 
Winter  wheat  yield  data \\-ere obtained  from  the office 

of the  Agricultural  Marketing  Service, U.S. Department 
of Agriculture,  Salt  Lake  City,  Utah;  temperature  and 
precipitation  data were taken  from Climatological Data, 
Utah  (monthly  and  annual issues) published by U.S. 
Weather  Bureau. 

The  first  step was to  analyse  the  yield  data for time 
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FIGLJEE 1.-Winter wheat  yields,  in  bushels  per  acre,  for Box Elder 
County, Utah,  plotted  against  years for the period 1926-55. 
The regression  line is dashed. 

trends  during  the  period  under  consideration (1926- 
1955) to  determine  the effect of improved  cultural  prac- 
tices,  etc., on average yields. According  to a study  made 
in 1951 by  the U.S. Department of Agriculture [lo], the 
average  yield of all wheat  in  the  United  Stat.es showed 
a  pronounced  increase during  the  period 1939-1948,  com- 
pared  to  the  eight decades prior to 1939. I n  the  Western 
States,  an  early  peak was  reached in 1915, with  the  yield 
dropping  markedly  in 1917 and  remaining  relatively low 
through 1940. 

I n  Box Elder Count,y there is no  evidence of a marked 
time tre.nd in  the  winter  wheat  yield  data  from 1!12(i 
through 1955. A linear  regression  line  fitted  to  yields 
shows a slight decrease of about 1 bushel per  acre cllwing 
this  period,  but a "t" test  indicates  this  change is not 
significant at  the 5 perce,nt level. The regression line 
and a plot of annual  yields  versus  years  are shown ill 

figure 1. 
Precipitation  records  for  ten  weather  statious  in  and 

near Box Elder  County were  tested fo r  consistency f o r  
the  period 1926-1965, by t.he double-mass  aualysis  tech- 
nique [2]. Of the  ten  stations, seven mere found  to  hare 
con1pa.tible records that could be used without  any atljust- 
ment of the  data.  The  correlations between seasonal p1-e- 
cipitation (July of one year  through  June of the  follow- 
ing  year)  at five of the  stations  (Grace, Idaho; Brigha11l 
City,  Corinne, IZichnlond, and  Riverdale, Utah) and  the 
annual  wheat  yields  in  bushels  per  acre fo r  Box Elcler 
County  were  computed. From  exan~ination of these cor- 
relations  and some analyses  by  multiple  regression,  Grace 
and  Riverdale were dropped : I I I C ~  precipit:Ltjion at Hrigham 
City .was assigned a w i g h t  of 0.50, Corinne 0.30, :urd 
Richmond 0.20. 

The effective monthly  precipitation  for  the  period  under 
consideration was  then  computed.  Effective  precipitation 
is the sum of the  precipitation  values  times  the respective 

TARLE 1.-Predicted and actual yields of wheat in bushels per acre 
for Box Elder County,  Utah,  for 1956 and 1957 

Year 'L\:f:$ Actual Predicted 
yield yield yield 

~ ~ ~ _ _  .________- 
195 ti~~...........""""....."..~~.""""""~ 

2.1 19. 3 21. 4 1R5i .........................."..~...."""""~ 
3.2 17. 1 20.3 

station weights. This  procedure  is  identical  with  the one 
outlined  by  Linsley,  et  al. [2], except effective precipita- 
tion  in  this  study is correlated  with  wheat  yield  rather 
than  water-ye'ar runoff. 

Since it was  known that  for  the production of maximum 
winter  wheat  yields,  adequate soil moisture is necessary 
:It the  time of planting  and  during  heading, blooming, 
and  filling,  precipitation  data  during  the  months of Sep- 
tem'ber, October,  May,  and June were  used in  this  study. 
h three-variable  correlation was  computed,  using  as  pa- 
rameters  the  following : Y= annual  yield of dryland win- 
ter  wheat  in bushels per  acre ; X,=effective  precipitation 
in  inches  for  September  plus  October;  and X,=effective 
precipitation  for  May  plus  June.  The  relationship of 
these  variables is  shown  by the  scatter  dia,gram of figure 2. 
The  sloping  lines on this  chart  are  least  squares  lines for 
annual winter  wheat  yield.  The regression equation was 
determined to be : 

Y=8.8+1.67X1+1.85 X 2 ,  
where  Y=estimated  annual  yield of winter  wheat. The 
coefficient  of multiple  correlation R for  this set of data 
is 0.735. /L' measures  the  degree of linear association be- 
tween the  estimated  and observed values of the dependent 
rariable [5], in  this case between the  estimated  and ob- 
served  average  wheat yields. n2, that  part of the total 
sum of squares whicll has been explained  by  linear re- 
gression, is 0.540. I n  other words, about 54 percent of 
the  variation  in  wheat  yield  can be accounted for by vari- 
ations  in X, and X?.  

The  average  forecast  error  for  the  sample was 2.3 
bushels per acre. Yields mere forecast  too low 17 times, 
with  an  average  error of 2.2 bn. per  acre,  and were  fore- 
cast too high  13  times  with  an  average  error of 2.5  bu. 
per acre. The  standard  error of estimate was  computed 
as 2.73. 

Average  wheat  yields  for Box Elder County,  Utah, 
are not av:rilable prior  to 19%. 30 years of record was 
considered a  mininlum  amount of data  for a study such 
:IS tllis; hence, only 2  years (1956 and 1957) of test  data 
were arailable. Ll comparison of the  predicted  and act,ual 
wheat  yields for  those years is shown in  table I. 

3. OTHER  FACTORS  INVESTIGATED 

I V i ~ l t e r  kill of wheat  is occ:~sionnlly :L problem in  Utah 
II!)] : 1 1 4  obviously, this reduces the  average  yield  in some 
gears. The amount of damage  to  winter  wheat  as  a  result 
of low temperatures  depends,  in  part, on the  actual values 
of the  minimum  temperatures observed and  whether  there 
is a snow  cover on the  ground when the low temperatures 
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occur. However, the  introduction of these variables illto 
t.he regression  equation did  not  improve t,he results siplifi- 
cantly. (The  addition of the  lowest  minter  temperatures 
at Corinne,  Ut,ah,  accounted for only an additional 2 
percent in  the  variation of winter wheat, yields.) 

As was  mentioned above, most of the  winter \vlle:11 i t 1  

Box Elder  Connty  is  planted  on “summer fallow” gro l l t l (1 .  

One might, expect, that,  the inc:lusio~l of an antecetlnlt 
precipitation variable  in  the regression equatioll wottltl 
improve t,he predictabilit,y of winter wlleat. Howwl., 
the addition of the  following  variables  did  not  cllal~ge tlle 
results significant,ly : (1) The  swn of the effective  preci1)i- 
tation amounts  for  April, ;\fay and June of the prwiolls 

crop year. (2) Effective  precipitation  for  tlle  entire 1)revi- 
ous crop year. 

This is not  to say that,  sunln~er  fallowing is not effect iw. 
It may  be that enough  moisture  is  added  to  the soil, eve11 
in the  driest  years, so that  the  aniount of precipitation 
during the  fallow  year  is seldom the  principal  limiting 
factor in  the  production of maximum yields, or possihly 
the measure of “fallow year”  precipitation used does not 
adequately express  the  important  factor of soil moistnw 
at, planting time. 

The relationsllip of other  weatller  factors to  the yield 
of winter  wheat was inrestigat,ecl. Some of these were : 
(1) The lowest monthly  winter  mean  temperature at, 
Corinne, Utah. (2) The mean temperatnre  for  the  nmltlls 
of April,  May, June,  and  July  at Corinne. (3 )  The eft’rc- 
tive precipitation for  the  entire  crop  year,  August  thro~~gll 
July. (4) Maximum tempe~xture  for  the nrontlls of 
May and June at  Corinne. 

4. CONCLUSIONS 

Dryland winter wheat yield  in Box E l d e ~ .  Connty, TTtall, 
is related principally  to  the  amount  and seasonal (list ri- 
bution  of precipit a t’ 1011. 

The results of this  study  indicate  the  inlportancr of 
adeqmte moisture in  September,  October, May, and ,71111r. 
If sufficient soil moisture is available during those molrtlls, 
there is an excellent cllance of a n  :\bore average  yield i n  
the crop year. 

The additioll of other \-;u*iables t o  tllc 1qp.ssiotl vqI1:l- 
tion, such as effective precipitation  durillg the 1)revioIth 
mop year,  winter nlinillzum te~~peratnres ,  :~nd effect i w  
precipitation for the cm-rellt c l q  year,  did I l o t ,  inlprovr 
the results  significantly. 
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EFFECTIVE  PREClPlTATlON FOR SEPTEMBER + OCTOBER  (INCHES1 

F r c : r . ~ c ~ c  2,”Joiut relationship between September plus October 
1)recil)itation  and May plns  June  precipitation  and yield of 
winttxr wheat,  in bushels per acre, Box Elder County, Utah. 
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